any hematologic workup and is a main tool in the quality control programs in the hematology laboratory. Incorrectly reported HCT result may bias clinical decision in follow up of patients, blood transfusion decision, and in diagnosis of hematologic diseases such as severe anemia. In spite of its significance it has received far less consideration in research from the standpoint of its reliability than have the measurements of hemoglobin or red cell counts [3, 4] .
In Ethiopia, HCT (Hematocrit) is one of the most common CBC (Complete Blood Count) parameters routinely used by clinicians and in most parts of the country where automated analyzers are unavailable microhematocrit method is used to determine the HCT value of patients [5] .
Microhematocrit method is a gold standard method for hematocrit determination but it associates many problems that may lead to inaccurate and imprecise measurements. Spun hematocrit is 1% to 3% higher than the hematocrit from automated instrument due to plasma that is trapped in erythrocytes. In the normal situation, spun hematocrit, however, may give spuriously higher results (up to 6%) in a number of disorders including polycythemia, macrocytosis, spherocytosis, hypochromic anemia's, sickle cell anemia, burn patients due to increase trapped plasma compared to the normal condition, of course insufficient centrifugation can also introduce high spun hematocrit [1, [6] [7] [8] .
The interferences that may cause erroneous results of red blood cell (RBC) and mean cell volume (MCV) by automated hematology analyzer could introduce abnormal hematocrit, which include very high white blood cell count, high concentration of platelets, or agglutinated RBCs. From the stand point that the difference in values between the automated and manual methods may impact clinical decision, it would be essential to compare the two methods hematocrit values. Therefore, the study results in the determination of correction, correlation and precision of the two methods; micro hematocrit method and automated hematology (mindray 3000 plus) analyzer. The result of the study is important to reduce ambiguity during hematocrit determination and to get correct hematocrit values.
Abstract
Background: Microhematocrit (HCT) method is a gold standard method for hematocrit determination. A comparative cross sectional study was conducted from 28 April to 28 June, 2014 to assess the analytical performance between microhematocrit and automated methods for hematocrit determination.
Methodology:
A total of 384 EDTA (Ethyl Diamine Tetra Acetic Acid) collected blood samples from patients attending Yirgalem hospital were analyzed for HCT by both methods. The data for hematocrit value was analyzed by linear regression and Pearson correlation co-efficient. The result of the two methods was expressed as a mean SD (standard deviation).
Result:
The correlation coefficient (R=0.95) indicated the strong correlation between manual and automated methods to determine the hematocrit. The manual HCT and automated HCT were significantly different (P<0.002) at 95% confidence interval. The result indicated higher coefficient of variation (CV) in manual method than automated HCT results, which implicated the percision is good for automated method (mindray 3000 plus) and not good for manual method.
Conclusion:
Generally, the study showed the hematocrit value obtained from hematology analyzer (mindray 3000 plus) is different from that of manual, but it is directly proportional in most cases. The automated method can not replace the manual for hematocrit determination though the result of both methods are close to each other.
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Background
Hematocrit is a test that measures a percentage of blood that is comprised of red blood cell. This is often referred to as packed cell volume (PCV) or erythrocyte volume fraction. It is considered as an integral part of a person's complete blood count, along with hemoglobin concentration, white blood cell count and platelet counts [1, 2] . 
Study design
A comparative cross sectional study was conducted from 28 April to 28 June, 2014 to assess the analytical performance between microhematocrit and automated methods for hematocrit determination.
* Venous blood was obtained from patients of both sexes and all age group attending at Yirgalem general hospital during study period. Blood samples which have improper proportion of anticoagulant, strongly lipemic, hyperbilirubinemic, and hemolyzed sample were excluded. Assuming 95% level of confidence, 5% margin of error, and taking P=0.05, since no known information about P-value. The sample size calculated to conduct the study was, 384.
Data collection method
About 2-3 millimeters of blood from vein of selected patients was collected in to a tube containing EDTA anticoagulant. The percentage of packed cell volume was measured manually by filling a capillary tube (plain) and sealing with modeling clay and centrifuging at 3000g for 5 minutes, then the result was read using hematocrit reader. A result from the Mindray automated analyzer was obtained by giving well-mixed EDTA blood to the analyzer. The HCT values of both methods were properly registered for analysis.
Statistical analysis
The results obtained from manual hematocrit and automated hematology analyzers were entered in Excel for analysis. The data for hematorit was analyzed by linear regression and Pearson correlation co-efficient. The result of the two methods was expressed as a mean ± SD. Precision was determined using coefficient of variation and the significance of the value was decided based on the p-value [0.05] at 95% confidence.
Ethical consideration
Written permission letter was taken from Hawassa University College of medicine and health science (community based education) CBE office and also from Yirgalem general hospital. During the course of study patients' rights was kept and optimal amount of sample was taken. The hematocrit value of patients obtained during the study was automatically reported to the (requesting physician) and concerned supervisors.
Result
A comparison of automated and manual method to determine the hematocrit for 384 patients was shown by mean ± SD in Table  1 . The correlation coefficients for relationships between the manual and automated (mindray 3000 plus) is calculated by using pearsons correlation coefficient formula, which was R=0.95. The correlation coefficient (R=0.95) indicated the strong positive correlation between manual and automated methods to determine the hematocrit. The mean ± SD of HCT result by manual method is 42 ± 7.1, whereas that of the automated method is 40.48 ± 7.4. This implicated, the manual HCT and automated HCT were significantly different (P<0.002) which is less than 0.05 at 95% of confidence interval. Five patient's samples were randomly selected for percision analysis of both manual and automated methods. Each sample was measured five times by both methods to obtain the SD and CV% as shown in Table 2 , the result indicated higher coefficient of variation (CV) in manual method than automated HCT results, which implicated the percision is good for automated method (mindray 3000 plus) and not good for manual method.
Discussion
This study indicated the manual HCT is higher than automated HCT. It showed the hematocrit values determined by the autohematological analyzer (mindray 3000 plus) can not replace the manual (microhematocrit) results obtained, as the mean difference between both methods is significant (P<0.002), as also observed in other studies. A study undertaken in Nigeria, using Sysmex KX-21N, revealed statistically sisgnificant difference (P<0.0001) when the mean and SE values of the two methods (automation and manual) were compared. In another study conducted on canine and feline, there was significant differences between manual and automated HCT (P<0.05). The results of these studies also indicated that the HCT values from the automated method could not be used to substitute for those of the manual method, though the values of the two methods were accurate and precise [9, 10] . Unlike to this study which reported higher value of HCT in manual method, another study reported a higher PCV value from Coulter automated analyzer, eventhough there was no significant association observed [11] .
However, the data obtained from this study indicated a strong positive correlation between the two methods (R=0.95). In the study undertaken on dogs and cats, strong correlation using Pearsons correlation coefficient, R, between the two methods were observed (R for HCT of dog=0.96, and cat=0.98) [10] . Another study also reported a comparable positive correlation coefficient (r=0.948) when both methods (manual and automated) were compared [9] . In addition, another study reported the results obtained with Hematology analyzer (Mindray BC: 5500) for PCV were correlated with manual method (R=0.8651) [12] .
The automated method is more precise than the manual method due to the higher variation of individual measured samples obtained by the manual method. The imprecision in measurment of PCV by the manual method may result in variations in calculation of RBC indices, such as the MCV and MCHC which are important parameters in classification of anemias.
Conclusion
Recommendation
This study should be done in large scale. Further study should be done for the evaluation of the two methods including different variables like wbcs, rbcs and platelets. In this case, a specified hematocirt value (1.5%) must be added to the automated result when doing hematocrit if necessary.
